The diatomic aluminum and gallium anion radicals ͑Al 2 Ϫ and Ga 2 Ϫ ͒ have been studied by electron spin resonance ͑ESR͒ as isolated ions in neon matrices near 4 K. Apparently no previous examples of purely metallic anions have been studied by the rare gas matrix isolation trapping technique with any type of spectroscopic method. Pulsed laser ablation of the metals was the experimental generation method which has enabled the first direct characterization of the ground electronic states of these anions. The X 4 ⌺ assignment agrees with previous interpretations of photoelectron spectroscopic results. The analysis of fine structure and nuclear hyperfine interactions has yielded a detailed description of the electronic structure in these seven-valence electron anion radicals, with comparisons to other isovalent X 4 ⌺ radicals presented. Experimental values of the nuclear hyperfine interactions ͑A tensors͒ were compared with theoretical results obtained from various ab initio computational methods, including configuration interaction and density functional theory. Reasonable agreement between these experimental results and theoretical predictions was observed.
I. INTRODUCTION
The diatomic anion radicals, Al 2 Ϫ and Ga 2 Ϫ , have been generated by pulsed laser vaporization of the metals and trapped in neon matrices near 4 K for detailed electron spin resonance ͑ESR͒ investigations. The magnetic parameters ͑A, g, and D tensors͒ obtained from these ESR spectral results provide the first direct experimental determination of the ground electronic states for these diatomic anions as X 4 ⌺. For Al 2 Ϫ , the X 4 ⌺ ground state assignment agrees with the interpretation of previously reported photoelectron spectroscopic ͑PES͒ results 1,2 and theoretical calculations. 3 Theoretical studies of Ga 2 Ϫ also predict a X 4 ⌺ ground electronic state. 4 -6 The vertical electron detachment energies as determined by PES are essentially the same for Al 2 Ϫ and Ga 2 Ϫ with a value of 1.6͑1͒ eV. 2 As part of this ESR experimental study, various ab initio theoretical calculations ͑configuration interaction and density functional theory methods͒ have been conducted to further elucidate the electronic structure of these diatomic anions and to compare the observed and calculated nuclear hyperfine interactions. Hopefully the valence electronic structure information that can be directly measured by ESR on these ''simple'' metallic anion radicals will contribute to a greater understanding of metal-metal bonding, especially in larger clusters. 7, 8 The electronic structure of Al 2 Ϫ and Ga 2 Ϫ anions are especially interesting given their relationship to a series of other X 4 ⌺ radicals containing seven valence electrons studied previously in our laboratory by matrix isolation ESR, including BC, 9 AlC, 10 SiB, SiAl, 11 C 2 ϩ , 12 Si 2 ϩ , Ge 2 ϩ , 13 GaP ϩ , 14 GaAs ϩ , 15 AlP ϩ , and InP ϩ . 16 The lighter alkali metal diatomic oxides ͑also containing seven valence electrons͒ have X 2 ⌸ ground states with RbO and CsO exhibiting X 4 ⌺ ground states 17, 18 The transition to the X 4 ⌺ ground state seems to occur with MgN. 19 The three unpaired electrons of the X 4 ⌺ state are found to occupy ... g u 2 type orbitals with only a small amount of s-type character in the g orbital. The two 2 ⌸ u anion states of Al 2 Ϫ ͑5 g 2 2 u and 2 u 2 ͒ are calculated to occur very close in energy, lying approximately 0.6 eV above the ground state. The calculated D e ͑2.5 eV͒ of the ground state anion is much larger than that of Al 2 and Al 2 ϩ . 3 Radicals with nine valence electrons studied by matrix isolation ESR exhibit X 2 ⌺ ground states, including CN, BO, BeF, MgF, AlO, 17 GaO, 20 CO ϩ , and N 2 ϩ . 21 Apparently, no previous spectroscopic studies of any type have been reported for metal cluster anions isolated in rare gas matrices. Examples of other types of small anions studied by the rare-gas matrix isolation method include P 28 and various metal carbonyl anions involving Fe, 29 Ni, 30 Co, 31 Rh, and Ir. 32 ESR and vibrational matrix studies of other small aluminum and gallium radicals include AlH ϩ , 33 AlH 2 ,
34
GaH 2 , 35 and AlC, 36 as well as the quenched 2 P ground states of the isolated metal atoms. 37 A high resolution gas phase spectroscopic investigation of jet-cooled Al 2 has been reported which provides a detailed analysis of its electronic structure and a review of earlier matrix isolation assignments for the molecule. 38, 39 Density functional theoretical calcula-tions have also been reported for Al 2 which predict a ground X 3 ⌸ u state. 40 Mass spectrometric measurements have determined a dissociation energy of 111 kJ mol Ϫ1 for neutral Ga 2 . 41 Theoretical calculations on various electronic states predict that Ga 2 has a X 3 ⌸ u ground state with a X 3 ⌺ g Ϫ excited state only 410 cm Ϫ1 higher. 42 Earlier spectroscopic studies have reported various electronic transitions for Ga 2 and the ground state vibrational frequency. 43 Reviews of matrix-isolated 44 and gas phase metal clusters 45 have been presented, as well as a detailed analysis of the spectroscopic shifts ͑relative to the gas phase͒ typically observed for matrix isolated molecules. 46 In addition, detailed electronic structure information has been determined from gas-phase photoelectron spectroscopy of numerous diatomic metallic anions. [47] [48] [49] [50] 
II. EXPERIMENT
The apparatus employed in our laboratory ͑L. B. Knight at Furman University͒ for trapping laser-ablated products in rare gas matrices near 4 K for ESR measurements has been previously described. 13, 51 The Al 2 Ϫ experiments were conducted both at Furman University and the University of Western Australia at Perth ͑A. J. McKinley͒ ͑see Refs. 52 and 53 for a description of this apparatus͒. The Ga 2 Ϫ experimental studies were conducted only at Furman University. The metal target ͑Al or Ga: 99.99%͒ was mounted approximately 6 cm from the matrix deposition surface which was a copper flat (7 cmϫ0.5 cmϫ0.1 cm) cooled to 4.5 K by an open-cycle liquid helium cryostat ͑Cryo Industries CRC-102͒. A liquid helium consumption of approximately 0.9 l per h was required for these pulsed-laser vaporization matrix deposition experiments. The Al and Ga targets were mounted on retractable brass rods ͑6 cm o.d.͒ and surrounded by liquid nitrogen cooled surfaces to reduce background levels of water and other gaseous impurities. This additional cryopumping adjacent to the metal ablation target has proven to be highly effective in reducing background impurity radicals, especially with aluminum atoms that insert into water forming the HAlOH and AlO radicals. 20, 54 Background pressures in the range of 1 -2ϫ10 Ϫ7 Torr were achieved in the overall system prior to starting a given deposition.
A typical matrix deposition was conducted for 45 min with a continuous neon flow of 4 sccm ͑std. cm 3 min
Ϫ1
͒. Frequency doubled output ͑532 nm͒ from a Nd:YAG laser operating at 10 Hz was focused to a spot size of approximately 0.3 mm on the Al or Ga target. A series of 21 separate depositions was conducted with laser energies varied over the range of 1-30 mJ per pulse, with 20 mJ producing the highest quality Al 2 Ϫ and Ga 2 Ϫ ESR spectra. By use of an external lens the focused laser spot was slowly moved over the Al ͑or Ga͒ surface during the deposition process. In this same experimental arrangement, attempts were made to produce the AlN ϩ cation radical ͑presumably a X 4 ⌺ ground state molecule͒ by doping the neon matrix gas with small amounts of N 2(g) in the range of 0.25%-10%. Pure nitrogen gas was also introduced through a small tube aimed directly at the aluminum surface from a distance of approximately 1 cm.
Following a given deposition, the matrix sample was inserted into a rectangular X-band microwave cavity ͑operat-ing in the TE 102 mode͒ via a previously described hydraulic mechanism that raises and lowers the entire cryostat assembly. 51 Background pressures and possible volatile impurities were continuously monitored with standard ionization gauges and a quadrupole mass spectrometer ͑Stanford Research System RGA 200͒ which was built into the main section of the vacuum chamber of the matrix apparatus.
III. RESULTS
Matrix experiments were conducted in neon, argon and pure nitrogen matrices but only neon matrices produced ESR absorptions which could be assigned to the Al 2 Ϫ and Ga 2 Ϫ anion radicals. Previous matrix ESR studies have shown that N 2 ϩ cations can only be trapped in neon matrices and studies in our laboratory have generated N 2 ϩ in neon by a variety of ionization methods. 21 We speculate that the significant enhancement of the ESR absorptions assigned to Al 2 Ϫ when the neon matrix gas was doped with N 2(g) can be attributed to the presence in the matrix of N 2 ϩ which acts as a counterion in maintaining overall electrical neutrality of the neon matrix sample-an essential condition for the rare gas matrix isolation of charged species. However, H 2 O ϩ ions are also produced ͑from background levels of H 2 O͒ under such matrix conditions and N 2 ϩ should not be required for maintaining electroneutrality of the matrix. It is also possible that nitrogen is adsorbed on the freshly exposed aluminum surface and alters the vaporization conditions in some manner that favors the formation of matrix isolated Al 2 Ϫ . For example, the production of Al Ϫ might be increased which could combine with Al atoms during the deposition process.
Given the importance of thin film formation involving aluminum nitrides in the fabrication of microelectronic devices, further studies should be conducted. Ϫ when doping levels were gradually changed in a series of separate neon depositions. When no N 2(g) was intentionally introduced, the laser vaporization of aluminum metal alone was sufficient to generate the ESR absorptions assigned to Al 2 Ϫ trapped in neon matrices.
A. Al 2

À
: ESR spectral analysis and assignment
The overall, low resolution ESR spectrum observed for the neon matrix depositions involving the pulsed-laser vaporization of aluminum metal in the presence of trace doping with N 2(g) is shown in Fig. 1 . The three perpendicular ( ϭ90°) fine structure transitions (⌬M S ϭϩ1) expected for a 4 ⌺ state (Sϭ3/2) are labeled in the conventional manner as XY 1 , XY 2 , and XY 3 ͑lowest to highest field, respectively͒, with the phase-up XY 1 transition near 1980 G clearly the dominant feature. At extremely low fields ͑187 G and 371 G͒ very weak absorptions are labeled ''F'' for two forbidden lines (⌬M S ϭ2). A phase-down line labeled ''OA'' for an off-angle type transition is observed at high field near 4300 G. These five ESR absorptions whose relative intensities exhibited close correlation in all the different matrix samples conducted under a variety of experimental conditions are assigned to the isolated Al 2 Ϫ anion radical in its X 4 ⌺ ground electronic state. The two lines labeled ''U'' near 4150 G could not be assigned and are thought to belong to a different radical.
Definitive evidence supporting this Al 2 Ϫ assignment is presented in Fig. 2 , where a high resolution expanded scale presentation of the XY 1 line near 1980 G shows an elevenline nuclear hyperfine pattern which would be expected for two equivalent Iϭ5/2 nuclei of 27 Al which occurs in 100% natural abundance with a nuclear magnetic moment of 3.641 nm. A simulated spectrum of this XY 1 line is shown just below the experimental trace. Resolution of the XY 1 transition into the eleven-line hyperfine pattern was accomplished by carefully annealing the neon matrix by warming to 9.5 K for 3-4 min then recooling to 4.5 K.
An overall simulated ESR spectrum ͑solid line͒ from 0 to 7500 G is shown in Fig. 3 against the background of individual H RES versus plots ͑dashed lines͒ for all five features assigned to Al 2 Ϫ as explained for the observed spectrum shown in Fig. 1 . The agreement between the experimental and simulated spectra is unusually close in every way, including line positions ͑Ϯ1 G͒, relative intensities and line shape phase characteristics. The extremely weak Z 3 parallel line barely visible even on the ''noise-free'' simulated spectrum could not be detected. The magnetic parameters ͑D, g, and A values͒ that were derived by trial-and-error from the experimental-simulated spectral fitting process are listed in Table I . As described in previous work, we employed an exact diagonalization treatment of the spin Hamiltonian appropriate for an X 4 ⌺ case in calculating line positions and generating the simulated spectra. The simulation program employing a Lorentzian line shape was written in our laboratory and has been applied to the study of numerous radical types including previous investigations of X 4 ⌺ radicals such as AlSi and C 2 ϩ .
11,12
As shown by the H RES versus plots in Fig. 3 , the offangle ͑OA͒ absorption feature assigned to Al 2 Ϫ occurs at a value of approximately 35°, where is the angle between the externally applied magnetic field and the molecular symme- try axis. Attempts to resolve the 27 Al nuclear hyperfine structure on transitions other than XY 1 were not successful. This is not surprising since the modulation amplitude of the ESR spectrometer had to be increased from 2 to 6 G in order to detect these much weaker transitions. The 27 Al values of A iso and A dip are defined as
where all symbols have their standard meanings and the averages are taken over the spin density. 17 The value of A Ќ ϭ21(2) MHz ͑the 27 Al hyperfine interaction at ϭ90°͒ can be taken directly from the observed spacing of the elevenline hyperfine pattern on the XY 1 fine structure transition. Unfortunately, A ʈ cannot be measured directly from the observed spectrum due to the extremely weak nature of the parallel (ϭ0°) absorptions. A value for A ʈ was estimated in the following manner. The total linewidth of the OA absorption depends upon both A ʈ and A Ќ at ϭ35°. By making careful comparisons of the total linewidth between the experimental and various simulated spectra, and taking into account the unresolved eleven-line hyperfine pattern, an effective A value at ϭ35°was found to be 24 MHz. An estimate of A ʈ ϭ26(3) MHz was then determined from the expression, 
B. Ga 2
À
: ESR assignment and analysis
A complex group of ESR absorptions was observed in the 1600-1900 G region when laser-ablated gallium metal products were deposited in neon matrices near 4.5 K. For the Ga 2 Ϫ anion in a X 4 ⌺ ground state with a large D value ͑zero field splitting͒ relative to the microwave frequency only one fine structure transition (M S ϭ 1 2 ←M S ϭϪ 1 2 ) should be detectable below 10 000 G at X-band ESR frequencies. This transition should occur in the gϭ4 magnetic field region near 1750 G for our microwave frequency of 9512 MHz. The complex structure on this fine structure line ͑see Fig. 4͒ Ga 2 Ϫ ͑abundance of 47.8%͒ would produce a quartet-of-quartets overlapping the other two hyperfine patterns. A composite spectral simulation weighted according to these expectations, was generated for all three isotopomers which showed excellent agreement within the experimental uncertainty of Ϯ1 G to the observed ESR spectral lines shown in Fig. 4 . Assuming that D is large relative to the microwave frequency, we determined the following magnetic parameters: g Ќ ϭ1.960(3), A Ќ ( 69 Ga) ϭ98(1) MHz, and A Ќ ( 71 Gaϭ126(1) MHz. This g Ќ result should be considered a lower-limit value since it would increase if D for Ga 2 Ϫ was not significantly larger than the microwave frequency. When only one fine-structure line can be observed, it is not possible to determine g Ќ and D independently. This relationship between g Ќ and D has been fully analyzed in an earlier report on the X 4 ⌺ GaP ϩ cation radical.
14 A value for the parallel (ϭ0°) hyperfine interaction could not be determined from these experimental results since only perpendicular absorptions were observed. An attempt was made to estimate A ʈ from its higher order effects on the perpendicular line positions but the hyperfine interaction was generally too small for such an approximate procedure. This is consistent with the small difference of approximately 40 MHz between A ʈ and A Ќ as predicted by our ab initio theoretical calculations.
IV. DISCUSSION
In comparing the magnetic properties of Al 2 Ϫ and Ga 2 Ϫ it is reasonable for D to be considerably larger for the heavier diatomic since the atomic spin-orbit parameter for Ga is 551 cm Ϫ1 and only 75 cm Ϫ1 for Al. 37 The value of D is determined by direct spin-spin interactions and more complicated spin-orbit contributions. The absence of high-field fine structure transitions below 10 000 G for Ga 2 Ϫ places an ap- The assignment of the observed ESR spectra to isolated Al 2 Ϫ and Ga 2 Ϫ anions is supported by the observed decrease in ESR intensity when the neon matrix samples were exposed to visible light for short periods of time ͑typically 20 mins͒. Such a strong positive response to photobleaching has proven to be a most helpful diagnostic tool in distinguishing neutral radical spectra from that of isolated anions and cations. [55] [56] [57] The virtual elimination of the intense XY 1 absorption of Al 2 Ϫ by visible light photolysis is shown in Fig. 5 . A similar photobleaching effect was observed for the Ga 2 Ϫ ESR absorptions. The photo-induced ionization of the anions produce electrons which can readily diffuse throughout the neon lattice and neutralize isolated cations in other matrix sites. It is rare for visible light, especially from a low intensity source, to decompose neutral radicals. However, we do observe this to occur for the formyl radical ͑HCO͒ trapped in neon and argon matrices.
The nuclear hyperfine patterns observed on the ESR spectra that we have assigned to isolated Al 2 Ϫ and Ga 2 Ϫ anions in X 4 ⌺ states could arise only from other radical candidates having equivalent metal atoms. Given the experimental generation conditions, ground state assignments and the theoretical calculations presented below, it would appear that the only alternate candidates are the diatomic neutral molecules and the diatomic cations. However, these choices can be eliminated since Al 2 and Ga 2 have 3 ⌸ u ground states and their ESR spectra would not be detectable in rare gas matrices. Even if matrix shifts caused the low lying 3 ⌺ excited states to be the ground state in the matrix environment, the observed spectral properties would be quite different. Also, the diatomic cations in either X 2 ⌸ or X 2 ⌺ ground states would not produce the observed spectral properties.
As observed in previous ESR studies of seven-valence electron 4 ⌺ ground state diatomic radicals, the nuclear hyperfine interaction can be used to support the expected MO assignment as g 1 u (x) 1 u (y) 1 for the three unpaired electrons ͑Table II͒. For these two homonuclear diatomic anion examples, the spin density would be equally divided between the AO's of each metal atom. Normalizing the total spin density to unity and assigning half of the spin density to each atom yields the following approximate expressions which have been derived and discussed in greater detail in our previous reports on BC and C 2 ϩ in their ground 4 ⌺ states, 9, 12 A iso ͑ molecule͒ϭC 1 2 A iso ͑ atom͒,
where C 1 2 is the ns orbital character on the metal atom, C 2 2 is the np z character, and C 3 2 is the 3p x ͑or the 3p y ͒ character. Of course these highly approximate free atom comparison method ͑FACM͒ predictions ignore orbital overlap, twocenter contributions and polarization of the inner core electrons in an attempt to relate nuclear hyperfine interactions with orbital characters in a simple MO-LCAO description. If the g orbital was essentially 3p z on Al ͑4 p z for Ga 2 ͒, the half-filled set of three perpendicular p orbitals on a given metal center ͑with the approximations listed above͒ would predict essentially zero values for A dip and A iso in the anion radical. As the g orbital acquires ''ns'' character, A iso would increase from zero in a positive direction and A dip should increase in a negative direction since C 2 would become less than C 3 , assuming that no changes occur in the 3p x character. The experimental measurements alone cannot determine the absolute signs of A dip and A iso but experiment does yield a very small A dip value of 2Ϯ3 MHz for Al in Al 2 Ϫ . To appreciate the small magnitude of this measured A dip parameter, it can be compared to a value of 83 MHz for a 3p electron on an aluminum atom. 17 The atomic A dip value for Ga is 204 MHz compared to a calculated value of only 13 MHz in Ga 2 Ϫ . Since A ʈ could not be determined from the observed ESR spectrum of Ga 2 Ϫ , no A dip value is available from the experimental results.
Regardless of the absolute signs of the measured A iso values, it is clear that only a very small amount of valence ''s'' character is mixed into the g orbital since these A iso values are small by comparison with the atomic A iso values. The percent 3s character for Al in Al 2 Ϫ is only 0.006 ͑0.009 in Ga 2 Ϫ for 4s͒ using atomic A iso values of 3910 MHz for 27 Al and 12 210 MHz for 69 Ga atoms. For the gallium anion we are assuming that A iso ϷA Ќ which is a valid approximation for this purpose, especially considering the small magnitudes of the dipolar interaction. 17 Hence these small A iso and A dip values do support ... g u 2 as the dominant configuration with only a very small amount of metal valence ''s'' character involved. In fact, the measured A iso and A dip values are so small that high level theoretical calculations are needed to predict the absolute signs of the A tensors since polarization and other higher order effects could well dominate the hyperfine interactions, given the small amount of direct valence ''s'' admixture. Higher order effects do seem to dominate the hyperfine interaction since these ab initio calculations predict small but positive A dip values and small but negative A iso values for both Al 2 Ϫ and Ga 2 Ϫ . Theoretical calculations of the A tensors: The Al 2 Ϫ and Ga 2 Ϫ geometries were optimized at the multireference singles and double excitation configuration interaction ͑MRSDCI͒ level using the MELDF suite of programs. 58 The calculation involved 20 reference configurations for Al 2 Ϫ ͑25 for Ga 2 Ϫ ͒ chosen on the basis of their coefficients of the CI wave function from a previous Hartree-Fock single and double excitation configuration interaction ͑HFSDCI͒ calculation. All single excitations and those double excitations whose energy contribution exceeded a threshold of 1ϫ10 Ϫ7 hartree were retained in the HFSDCI and MRSDCI calculations. The basis sets employed for the aluminum anion were the augmented correlation consistent polarized valence double zeta (13s,9p,2d)→͓5s,4p,2d͔ and triple zeta sets (16s,10p,3d,2 f )→͓6s,5p,3d,2 f ͔, ͑aug-cc-pVDZ and augcc-pVTZ, respectively͒. 59 The double zeta calculation involved 106 138 spin adapted configurations, yielded a sum of squares of coefficients in the reference space of 0.88 and had a total CI energy of Ϫ483.9441 hartree. The triple zeta calculation involved 292 366 spin adapted configurations, yielded a sum of squares of coefficients in the reference space of 0.89 and had a total CI energy of Ϫ484.0703 hartree. The optimal geometry was 2.588 Å for the aug-ccpVDZ basis set and 2.539 Å for the aug-cc-pVTZ basis set.
Hyperfine coupling constants for Al 2 Ϫ were calculated using the MELDF suite of programs at these optimized geometries with the uncontracted versions of the basis sets described above. The values obtained at the HFSDCI and MRSDCI levels with 20 and 100 reference configurations each are shown in Table III . In addition, the Al 2 Ϫ geometry was optimized and the hyperfine coupling constants were calculated using density functional theory ͑DFT͒ with both the contracted and uncontracted aug-cc-pVDZ and aug-cc- pVTZ basis sets as described above. For an additional comparison, the geometry was optimized and the hyperfine coupling constants were calculated using DFT calculations with the contracted aug-cc-pVQZ ͑augmented correlation consistent polarized valence quadruple zeta͒ basis set. The GAUSS-IAN 98 package 60 and the B3LYP ͑Ref. 61͒ and B3PW91 ͑Ref. 62͒ functionals were employed for Al 2 Ϫ and Ga 2 Ϫ . A Mulliken Gross Population Analysis ͑MSPA͒ was conducted on the MRSDCI wave function for Al 2 Ϫ from the calculations involving the contracted ͑100 reference configurations͒ and uncontracted basis sets ͑40 reference configurations͒. These MSPA analyses are shown in Table IV .
The basis sets employed for Ga 2 Ϫ were the contracted Binning and Curtiss polarized valence triple zeta set (14s,11p,6d,1f )→͓9s,6p,3d,1f ͔ and the uncontracted exponents (14s,11p,6d,1f ) . 63 The contracted basis set calculation involved 1 483 263 spin adapted configurations, yielded a sum of squares of coefficients in the reference space of 0.918 and had a total CI energy of Ϫ3846.8831 hartree. The uncontracted calculation involved 3 680 407 spin adapted configurations, yielded a sum of squares of coefficients in the reference space of 0.934 and had a total CI energy of Ϫ3847.9632 hartree. The optimal geometry was 2.517 Å for the contracted basis set and 2.521 Å for the uncontracted basis set.
Hyperfine coupling constants for Ga 2 Ϫ were calculated using the MELDF suite of programs at these optimized geometries with both versions of the basis set described above. The values obtained at the HFSDCI and MRSDCI levels with 25 and 50 reference configurations each are shown in Table V . In addition the Ga 2 Ϫ geometry was optimized and the hyperfine coupling constants calculated using density functional theory ͑DFT͒ calculations with both basis sets. The GAUSSIAN 98 package and the B3LYP ͑Ref. 61͒ and B3PW9I ͑Ref. 62͒ functionals were used for these calculations ͑see Table V͒. A MSPA analysis was conducted for Ga 2 Ϫ on the MRSDCI wave function from the calculation involving 50 reference configurations and the uncontracted basis set. This MSPA analysis is shown in Table IV Table IV are consistent with the interpretation of the experimental ESR results. For both radicals, very small spin densities are found in the ''s'' type orbitals; the valence p x , p y , and p z orbitals have similar spin densities thereby accounting for the small magnitude of the observed dipolar hyperfine interaction for Al 2 Ϫ . An experimental A dip values for Ga 2 Ϫ could not be measured, but the small observed magnitude of A Ќ implies a small A iso value. This would also imply a small valence ''s'' spin density and an approximate equal occupancy of the p x , p y , and p z orbitals on gallium. 
